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ABSTRACT
The Arkansas River is subject to many types of pollution downstream from the Oklahoma-Kansas State line, and its inferior quality together with its erratic flow pattern has caused it to be largely abandoned as a source of municipal and industrial water supply. Currently, the Arkansas River is not directly used as a source of public supply in any part of the basin in either Oklahoma or Arkansas.
In general, the chemical concentration of the river water increases downstream from the Oklahoma-Kansas State line to Tulsa because of tributary inflow from the Salt Fork Arkansas River and the Cknarron River, both streams being sources of large amounts of natural salts and industrial wastes. A decrease in concentration of dissolved solids is noted downstream from Tulsa due to tributary inflow from the Verdigris, Neosho, and Illinois Rivers; another increase in concentration occurs with tributary inflow from the Canadian River, which is largely oilfield wastes. A progressive decrease in concentration is noted as the river flows through Arkansas to the Mississippi River, because all major tributaries below the Canadian River have a dilution effect upon the chemical concentration of the Arkansas River water.
INTRODUCTION Purpose and Scope of Report
The U. S. Geological Survey has carried on a program for the investigation of the quality of water resources in cooperation with the States of Arkansas (since 1945) and Oklahoma (since 1946) . This program has included the collection of data in the Arkansas River basin which embraces about two-thirds of the area of Oklahoma and about one-fifth of the area of Arkansas. Results of these investigations in the respective States are published annually by the States of Arkansas and Oklahoma and are also included in the series of annual Water-Supply Papers of the U. S. Geological Survey, "Quality of surface waters of the United States. " This report presents a summation of data collected under these cooperative programs in the Arkansas River basin and an evaluation of the effect of tributary inflow on chemical quality of the Arkansas River.
In Oklahoma, during the period from October 1946 to September 1952, daily records of chemical quality were collected at six locations on the Arkansas River and at 22 locations on its tributaries. In Arkansas, during the period from October 1945 to September 1952, daily records were collected at three locations on the Arkansas River and at three locations on its tributaries. Figure 1 indicates the locations of these 34 daily sampling stations. Figure 2 indicates the years of available records for the nine stations on the Arkansas River and on the Cimarron and Canadian Rivers, the two most important tributaries insofar as the effect on the chemical quality of the water in the Arkansas River is concerned. It is important to note that these records were not collected for the specific purpose of evaluating the quality of water of the Arkansas River, but rather as part of a general evaluation of the quality of water resources of Oklahoma and Arkansas. Hence, there are current deficiencies in records necessary for full evaluation of the quality of the Arkansas River. These areas where further study seems to be worthwhile will be pointed out along with the areas where present information seems adequate to support reasonable conclusions.
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ARKANSAS RIVER DRAINAGE BASIN
Location and Extent
The Arkansas River and its tributaries drain an area of 160, 640 square miles in parts of Colorado, Kansas, New Mexico, Texas, Missouri, Oklahoma, and Arkansas. Of this total, about 44,800 square miles lie in Oklahoma and about 12, 100 square miles in Arkansas. Thus, the area included in this report comprises about 35 percent of the drainage area of the Arkansas River. The Arkansas River enters Oklahoma at the northern boundary near Newkirk, just east of the 97th meridian, crosses the State in a southeasterly direction, flows past Tulsa, and enters Arkansas at its western boundary near Fort Smith, north of the 35th parallel. The river flows in a southeasterly direction past Little Rock near the center of the State, and empties into the Mississippi River east of Dumas, Ark., west of the 91st meridian.
Oklahoma
The Arkansas River flows across alternating beds of sandstone and shale of Pennsylvanian age totaling several thousand feet in thickness. The shale beds predominate and generally are dark in color. The sandstone beds are fine to medium in texture and brown in color. Most of these rocks are carboniferous to a degree. Included are at least seven beds of workable coal, ranging in thickness from 2 to 6 feet, and ranging in character from bituminous to semianthracite. Petroleum and natural gas are found throughout the basin, except in the northeastern part.
From about the longitude of Muskogee eastward, the river flows through the major physiographic division known as the Interior Highlands, which is divided into the Ouachita province on the south and the Ozark Plateaus on the north. The river is in the Arkansas Valley section of the Ouachita province. The highest ridges rise more than 2, 000 feet above sea level and as much as 1, 500 feet above the valleys. The bedrock is of Pennsylvanian age; we 11-indurated sandstone forms the ridges and gray shale forms the valleys.
North of the Arkansas Valley section lies the Springfield-Salem plateaus of the Ozark Plateaus province. The rocks underlying this portion of the State belong principally to the Boone formation, a series of chert and limestone beds of Mississippian age. The maximum height of the hills above their bases is about 400 feet, and the average is about 250 feet. Solution of the limestone bedrock has resulted in an underground drainage system, and springs abound in the valleys.
From about the longitude of Muskogee westward to the Oklahoma Panhandle, the drainage basin of the Arkansas River lies in the Central Lowland province of the major physiographic division known as the Interior Plains. In Oklahoma this province includes the Osage Plains section. From about the longitude of Shawnee eastward, bedrocks of the Osage Plains consist principally of shale and sandstone with a few limestone beds. The average dip is westward and ranges from about 30 feet to the mile near the Kansas border to about 60 feet to the mile in the southern part of the region. The surface slope is southeastward, and the relief is rarely more than 300 feet. Extending westward from Shawnee for a distance of approximately 100 miles is the part of the Osage Plains known as the redbeds plains region, which consists of soft red shale and red sandstone. Over most of this area the height of the hills above the streams is not more than 100 feet. West of the redbeds plains region and extending almost to the Oklahoma Panhandle is the Gypsum Hills region of the Osage Plains. This region is similar to the redbeds plains region except that the weathering of gypsum beds has produced a somewhat more rugged topography.
The major part of the Oklahoma Panhandle is in the High Plains section of the Great Plains Province, and is on the monocline sloping eastward from the Rocky Mountains. The extreme eastern part of the Panhandle is in the Plains Border section, which is transitional between the High Plains and the Central Lowland. The High Plains consist mostly of loose sand, clay, and gravel of Tertiary age.
Arkansas
The part of the Arkansas River basin from Fort Smith to Little Rock lies in a major physiographic province known as the Interior Highlands and the part below Little Rock is in the West Gulf Coastal Plain.
In the West Gulf Coastal Plain area the Arkansas basin is less than 30 miles wide and generally less than 250 feet above sea level. The relief is low with with indistinct stream divides. The unconsolidated deposits immediately underlying the basin consist of clay, silt, sand, and gravel of Tertiary and Quaternary age.
In the Interior Highlands area, the Arkansas River basin is as much as 85 miles wide, and it lies in the three subdivisions of the area. The northern part of the basin is in the Boston Mountains. The Boston Mountains, consist of a dissected plateau with mountain summits standing from 1, 850 to 2, 250 feet above sea level and rising from 500 to 1, 300 feet above the adjacent valley areas. The southern part of the Arkansas River basin is in the Ouachita Mountains. These mountains consist of long, generally eastwardtrending ridges having altitudes of 1, 500 to 2, 000 feet above sea level with linear valleys having altitudes from 400 to 1, 100 feet. The bedrock of the Interior Highlands province consists of shale, siltstone, sandstone, and some coal of Paleozoic age. In the Interior Highlands area the Arkansas River flows through a broad valley known as the Arkansas Valley. The Arkansas Valley trends eastward and is from 30 to 40 miles wide. The valley consists of: flat alluvial areas which border the Arkansas River and are only a few feet above it; terraces with flat to gently rolling surfaces that make up a considerable part of the valley area; asymmetrical, generally eastward-trending ridges that stand from 600 to 1, 000 feet above sea level; and flat-topped mountains, 1, 800 to 2, 800 feet above sea level. The alluvial material in the bottom lands bordering the Arkansas River consists of clay, silt, and sand. The terrace deposits mostly consist of a drab loesslike silt, although sand and gravel deposits occur at some places, particularly on the terraces along the tributary streams near the mountainous areas.
Climate
The Arkansas River basin has ma"ny local variations in climate with an increase in precipitation in downstream areas and with large ranges between annual maximum and minimum temperatures and amounts of precipitation. For the period 1910 to 1949, U. S. Weather Bureau records show that the average annual rainfall ranges from about 15 inches in the extreme western parts of the basin to about 50 inches near the mouth of the Arkansas River. Figure 3 indicates an average annual rainfall range on the Arkansas River in Oklahoma and Arkansas of from about 30 inches along the Oklahoma-Kansas border to slightly over 50 inches at the mouth. The following table, taken from U. S. Weather Bureau records, shows climatic conditions at some locations along the Arkansas River in Oklahoma and Arkansas. The average annual runoff for Oklahoma for the period 1921-45 was 18, 700, 000 acre-feetof which, 11, 100,000 acre-feet was contributed by the Arkansas River drainage basin in Oklahoma. For Arkansas during the same period the average annual runoff was 46, 300, 000 acre-feet of which 8, 600, 000 acre-feet was contributed by the Arkansas River drainage basin in Arkansas.
CHEMICAL QUALITY
The changes in chemical quality of the Arkansas River are discussed on the basis of arbitrary division of the river into three segments: Oklahoma-Kansas State line to Tulsa, Tulsa to Van Buren, and Van Buren to Little Rock. These divisions correspond roughly to the major changes in chemical quality as influenced by tributary inflow.
Definition of Terms
The units in which data are presented and other terms used in this report are defined as follows:
Cubic foot per second (cfs) is the rate of discharge of a stream whose channel is 1 square foot in crosssectional area and whose average velocity is 1 foot per second.
An acre-foot is the quantity of water required to cover an acre of land surface to the depth of 1 foot and is equivalent to 43, 560 cubic feet. The term is commonly used in connection with storage for irrigation.
Drainage area of a stream at a specified location is that area measured in a horizontal plane which is enclosed by a topographic divide such that direct surface runoff from precipitation normally would drain 1 Langbein, W. B., and others, 1949, Annual runoff in the United States: U. S. Geol. Survey Circ. 52.
by gravity into the river basin that lies above the specified location. Areas of drainage basins given herein include all closed basins or noncontributing areas within the area.
A part per million (ppm) is a unit weight of a constituent in a million unit weights of water. One part per million equals one ten-thousandth of one percent (0.0001).
An equivalent per million is a unit chemical combining weight of a constituent in a million unit weights of water and is calculated by dividing the concentration in parts per million by the chemical combining weight of the constituent. Percent sodium is computed by dividing the equivalent per million of sodium by the sum of the equivalents per million of the cations (calcium, magnesium, sodium, and potassium) and multiplying the quotient by 100.
A weighted average analysis represents approximately the composition of water that would be found in a reservoir that contains all the water passing a given station during the year after thoroughly mixing in the reservoir.
The Geological Survey's water year is the period from October 1 to September 30 of the succeeding year. Water year 1952 is the period from October 1, 1951 ,to September 30, 1952 Pollution, as used in this report, defines conditions in which the mineral concentration of water exceeds acceptable limits for a particular use. Artificial pollution refers to conditions which have been manmade, and natural pollution refers te conditions over which man has no control, such as natural salt deposits.
Collection and Examination of Samples
Samples of water for chemical analysis were collected daily at sampling stations shown in table 1. Specific conductance, expressed as micromhos at 25° C., was determined for each daily sample. Composite samples for chemical analyses were prepared by mixing equal quantities of daily samples based on concentration of dissolved solids as indicated by the specific conductance values.
Samples were analyzed according to methods regularly used by the Geological Survey. These methods are essentially the same as, or are modifications of, methods described in authoritative publications for the mineral analysis of water samples. 2
The main constituent causing an increase in concentration of the Arkansas River in Oklahoma and Arkansas is the chloride coming from both natural sources and industrial wastes. Other constituents normally found in a natural water may decrease in concentration due to chemical changes occurring as a result of its environment. For example, silica and nitrate content may be reduced by growing plants, and calcium and magnesium may be precipitated as carbonate due to loss of carbon dioxide in the water resulting from, temperature changes. Sodium may be removed by a natural ion exchange process, sulfate may be reduced to sulfides or to hydrogen sulfide which is evolved as a gas, but the chloride ion is unchanged by natural processes and is therefore a good basis for comparison of downstream changes in chemical quality. Table 1 presents a summary of chemical-quality data collected at the nine daily sampling stations on the Arkansas River, and collected on the Canadian River at Whitefield, and the Cimarron River at Mannford.
Oklahoma-Kansas State Line to Tulsa
The Arkansas River shows a substantial increase in chloride concentration downstream from the OklahomaKansas State line to Tulsa. (See table 1, and figs. 4 and 5.) For the water year 1952, the maximum chloride concentration was 685 ppm at Arkansas City, 912 ppm at Ralston, and 1, 690 ppm at Tulsa. From October 1946 to September 1952, the maximum chloride concentration was 795 ppm at Kaw City near the Oklahoma-Kansas State line, 1, 080 ppm at Ralston, and 5, 030 ppm at Tulsa.
Influence of Salt Fork Arkansas River
The increased chloride concentration noted in the Arkansas River downstream toward Tulsa is due to both solution of natural salt deposits and to introduction of industrial wastes from many oilfields and refineries within this portion of the basin. The two main tributaries within this reach of the river, Salt Fork Arkansas River and Cimarron River, contribute much chloride picked up by leaching of salt deposits in flow through natural salt plains. The Salt Fork flows into the Arkansas River at Ponca City, which is American Public Health Association, 1946, Standard methods for examination of water and sewage, 9th ed., and Association of Official Agricultural Chemists, 1950, Methods of analysis of the association of official agricultural chemists, 7th ed. about 44 miles upstream from Ralston. This stream is relatively low in chloride concentration until it flows through the Salt Plain area about 20 miles downstream from the city of Alva. During the period October 1950 to September 1951, daily chemical-quality records collected at a sampling station on the Salt Fork Arkansas River near Alva show a maximum chloride concentration of 320 ppm and a weighted-average chloride concentration of 77 ppm. Downstream from this location on the Salt Fork Arkansas River near Jet, which is just below the Great Salt Plains Reservoir, many periodic samples collected during the same time show a maximum chloride concentration of 5, 570 ppm and a minimum of 940 ppm. There is no evidence to indicate that this increase in chloride concentration between Alva and Jet is due to any source other than pickup of natural salt.
There are many oilfields and refineries located in the Salt Fork Arkansas River drainage basin downstream from Jet. However, there has been no collection of daily records near Jet that would give an indication of how much of the increased chloride load in the Arkansas River from the Oklahoma-Kansas State line to Ralston is due to pickup of natural salt by the Salt Fork Arkansas River, and how much is due to wastes from these oilfields and refineries.
Influence of Cimarron River
The Cimarron River contributes a large salt load to the Arkansas River. This stream enters Oklahoma at its extreme western boundary and flows in and out of the States of Oklahoma and Kansas twice before entering Oklahoma for the last time, midway between the 99th and 100th meridians. It flows across the State in a southeasterly direction to its junction with the Arkansas River at Keystone, 17-miles upstream from Tulsa. The natural chloride concentration of the Cimarron River increases as it flows through the Salt Plain in the vicinity of Waynoka. 4, 140,000 1,236,000 5,603,000 7,214,000 30, 130,000 42,520,000 Chloride (total tons) 1, 366,000 2,064,000 3, 978,000 3, 174,000 6,629,000 6,803,000
Dissolved solids (total tons) 3,933,000 4,066,000 9,133,000 7, 142,000 18,680,000 20,830,000 natural salt by the Cimarron River between these two points.
Daily chemical-quality records were collected on the Cimarron River at Mannford for the period from October 1948 to September 1952 and since that time have been collected at a site near Perkins, 67 miles upstream from Mannford. There are many oilfields and refineries located in the Cimarron River drainage basin between Waynoka and Mannford, but to date, no daily records have been collected at the Waynoka location which would give an indication of how much of the chloride load being discharged into the Arkansas River from the Cimarron River is due to natural causes and how much is due to these oilfield operations.
A comparison of data collected for the period October 1949 to September 1950, shown in table 2, gives an indication of the amount of chloride discharged into the Arkansas River by the Cimarron River. During this period the total runoff of the Arkansas River at Tulsa was 5. 603 million acre-feet, of which 22 percent or 1.236 million acre-feet was contributed by the Cimarron River. However, the total chloride load for the same period was 3. 978 million tons at Tulsa, of which 52 percent or 2.064 million tons was contributed by the Cimarron River. The total runoff of the Arkansas River at Tulsa was only 35 percent higher than the runoff of the Arkansas River upstream at Ralston; yet, the chloride load at Tulsa was 191 percent higher than at Ralston. Of this increased chloride load from Ralston to Tulsa, 79 percent was contributed by the Cimarron River.
The proposed site of the Keystone Reservoir near Tulsa is located on the Arkansas River below its junction with the Cimarron River. Weighted-average analyses for the daily chemical-quality sampling station on the Arkansas River at Sand Springs bridge near Tulsa should be the approximate average analysis of water stored in this reservoir. Even though this proposed reservoir is located below tne junction with the Cimarron River, and the resulting chemical quality of the water in storage would reflect the large load of chloride coming from the Cimarron, storage alone would tend to decrease the large variations in daily concentrations. As noted in the summary of analyses, table 1, a maximum chloride concentration of 5, 030 ppm was observed during the period October 1946 to September 1952 for the Tulsa station. However, this concentration occurred during a period of relatively low runoff, and it would have had a comparatively small effect on the concentration of the water stored in the proposed reservoir. The weighted-average chloride concentration for the above period at Tulsa ranged from 422 to 705 ppm. The maximum concentrations and fluctuations in concentration of the resulting stored water would depend to a great extent on the amount of stored water, reservoir operation, evaporation, and physical features of the reservoir.
A further evidence of the relation of chloride concentration to runoff is noted by comparing the weightedaverage analyses at the Tulsa station for water years 1947, and 1950-52. During these 4 years the maximum weighted-average chloride concentration of 734 ppm occurred during the year of lowest runoff, and the minimum weighted-average chloride concentration of 422 ppm occurred during the period of highest runoff. If this runoff had been equalized by impoundment, the annual variation in concentration of all chemical constituents would have been greatly reduced.
Although the degree of improvement that might be made by the control of industrial wastes in the Arkansas River tributaries cannot be determined from available data, present records should provide an indication of the maximum concentration which would be found in the stored water.
Tulsa to Van Buren
Influence of Verdigris, Neosho, and Illinois Rivers As the Arkansas River flows downstream from Tulsa, a decrease in dissolved solids and chloride concentration is principally due to tributary inflow from the Verdigris, Neosho, and Illinois Rivers. This dilution effect from the Verdigris and Neosho Rivers is evident from daily records collected on the Arkansas River at Webbers Falls during the period October 1948 to September 1949 when the maximum observed chloride concentration was 665 ppm, while the maximum observed chloride concentration at Tulsa during the same period was 1, 720 ppm. The following Present data indicate no pickup of natural salt of consequence by streams in the Canadian River basin, and practically all the chloride load of the Canadian River results from oilfield and industrial wastes, most of which occur in the drainage basin east of Oklahoma City. The North Canadian River, one of the major tributaries to the Canadian River, is the source of water supply for Oklahoma City, yet periodic samples collected from this stream only 20 miles downstream from the intake of the Oklahoma City water supply show chloride concentrations at times exceeding 10, 000 ppm. The State of Oklahoma has initiated steps to eliminate the sources of pollution on the North Canadian River, and, if successful, favorable results and improvement of chemical quality should be noticeable even in the Arkansas River.
Two other tributaries which are responsible for large amounts of chloride pollution in the Canadian River are the Deep Fork River and Little River. Chloride concentrations as much as 2, 300 ppm have been observed in Deep Fork River and as much as 38,'000 ppm in Little River. Both streams carry large amounts of drainage from oilfield operations. In the newer oilfields of Oklahoma, steps are taken to control these wastes but some fields in the Deep Fork and Little River drainage basins are very old, and up to the present, no corrective measures have been taken to eliminate this source of pollution. 
Van Buren to Little Rock
Headwaters of the tributaries to the Arkansas River from Van Buren to Little Rock are in the Boston Mountains to the north and in the Ouachita Mountains to the south. These streams are all low in mineral content, and there is no evidence of excessive chloride concentration due to either pickup of natural salt or to industrial wastes.
The two largest tributaries of the Arkansas River in the reach from Van Buren to Dardanelle are Mulberry River and Illinois Bayou. A slight decrease in mineral concentration was observed in this reach of the Arkansas River in the 1950 water year due to tributary inflow from these two streams. The maximum chloride concentration at Van Buren was 738 ppm, while the maximum at Dardanelle for the same period was only 590 ppm, and the weighted-average chloride concentrations for 1950 were 160 ppm at Van Buren, and 134 ppm at Dardanelle. An analysis of the daily chemicalquality records collected on the Arkansas River at Dardanelle during the period October 1948 to September 1952 indicate that with the construction of the proposed Dardanelle Reservoir, the resulting stored water would probably meet qualifications for a municipal supply, so far as mineral content is concerned, dependent on capacity of the reservoir, operation, and physical features. The River. This stream obtains its high chloride content from both pickup of natural salt and from the introduction of oilfield brine and industrial wastes. Additional information is needed to determine the proportion of the salt load contributed by each source. This could be accomplished by the establishment of daily chemicalquality sampling stations to be operated simultaneously on Salt Fork Arkansas River near Jet, to show the salt load carried by the river due to natural sources, and near Ponca City, to show the total salt load contributed to the Arkansas River by pickup of natural salt and by industrial wastes.
The next point on the Arkansas River downstream from Ralston at which a weighted-average chloride value is available for the 1952 water year is the Tulsa station, a distance of 71 river miles downstream from Ralston. At this station the weighted-average chloride concentration increased to 734 ppm. This increase is due principally to inflow from the Cimarron River which carries large amounts of chloride derived from natural salt deposits and oilfield operations and industrial wastes. Present data are not sufficient to differentiate between amounts from each source. Additional information could be supplied by the establishment of daily sampling stations to be operated simultaneously on the Cimarron River near Waynoka, to determine the amount of chloride load due to pickup of natural salt from the salt deposits northwest of Waynoka and at Mannford, to determine approximately the total chloride load carried by the stream from all sources.
The next downstream location from Tulsa at which daily chemical-quality records are available for the 1952 water year is at Van Buren, Ark., a distance of 170 river miles. The weighted-average chloride concentration at this point for the 1952 water year was 192 ppm, a significant decrease in comparison with the value of 734 ppm observed for the station at Tulsa for the same period. The only tributary stream between Tulsa and Van Buren which carries an appreciable chloride concentration is the Canadian River which empties into the Arkansas River 101 river miles below Tulsa. The weighted-average chloride concentration for the Canadian River near Whitefield, Okla., for the 1952 water year was 510 ppm. However, other tributary streams between Tulsa and Van Buren, namely the Verdigris, Neosho, Illinois, and Poteau Rivers, were sufficiently low in chloride concentrations to have a significant dilution effect upon the water in the Arkansas River.
All tributary streams between Van Buren and Little Rock are sufficiently low in chloride concentration to produce a steady dilution effect on the Arkansas River water as it flows downstream. During the 1952 water year the weighted-average chloride concentration at the Dardanelle station, a distance of 98 river miles downstream from Van Buren, was 155 ppm, and 90 river miles farther downstream at the Little Rock station the weighted-average chloride concentration showed a further decrease to 131 ppm. At present no information is available on the chemical quality of the Arkansas River water from Little Rock to the Mississippi River. However, miscellaneous analyses from tributary streams in this region indicate that no significant amounts of chloride are introduced into the river.
The data for dissolved solids included in this report have not been used in discussion of variations in the chemical quality of the Arkansas River. There have been certain minor discrepancies in the reconciliation of the total load at various places in the basin. More data are needed for several phases of the program before it is possible to specify causes for these discrepancies. Preliminary studies haVe been made in some phases in an attempt to determine the sources of error. However, in any region of complex geology, erratic streamflow characteristics, and diversified industrial activity, many factors have a controlling influence on the quality of water of a stream. This is particularly true in the Arkansas River basin of Oklahoma and Arkansas. These factors plus the collecting of only one sample a day from streams with wide variations in daily mineral content indicate that the load values shown in tables 1 and 2 are well within reasonable limits of error.
Data collected under the cooperative programs for Oklahoma and Arkansas were not designed to give a complete evaluation of the quality of water of the Arkansas River in the respective States. With an expanded program designed primarily to satisfy the needs for data, discrepancies such as have been noted would be eliminated.
At the present time there is no place on the Arkansas River from the Oklahoma-Kansas State line to Little Rock, Ark., at which the water would be suitable for daily use for a municipal supply, although some cities along the river in Arkansas use the water at times to supplement their regular supply.
Even if the Arkansas River were impounded at the proposed Keystone Reservoir site near Tulsa, Okla., the resulting stored water would not meet standards desired for a municipal water supply. Because of the large amounts of chloride being introduced into the stream from natural sources over which there is no control, it is doubtful if the chloride concentration could be sufficiently reduced to meet these standards even if major sources of oilfield brine and industrial wastes were substantially abated. However, storage at this reservoir would greatly reduce the daily variation in mineral concentration and would show a definite leveling off in daily variations downstream.
This leveling-off effect plus tributary inflow from less concentrated streams below Tulsa would yield an impounded supply at the proposed Dardanelle Reservoir near Dardanelle, Ark., which would meet standards of mineral content for use as a municipal supply, though cost of treatment of the water probably would be higher than present costs to cities in this vicinity.
It is doubtful that the Arkansas River water upstream from Tulsa would be suitable for irrigation uses even with the construction of the proposed Keystone Reservoir. However, with the leveling-off effect upon daily variation in chemical quality accomplished by this reservoir, it is probable that the water in the river could be used for irrigation anywhere below the junction of the Arkansas River with the Verdigris River, and it should be usable without question downstream from Van Buren, Ark. Arkansas River water is being used for supplemental irrigation at several places in Arkansas between Van Buren and Dardanelle, and with the leveling off in daily variations accomplished by the proposed Keystone and Dardanelle reservoirs, it should be usable at any time and place on the river in Arkansas.
At the present time, industrial use of the Arkansas River water in Oklahoma and Arkansas is confined largely to uses in which chemical quality is no factor, such as gravel washing and cooling water. However, with the elimination of large daily variations in mineral concentrations, it is probable that more beneficial use could be made of the water by industry.
The collection of records at the additional sampling sites mentioned together with studies to determine causes for discrepancies in present data would provide a more complete evaluation of the changes of chemical quality in the Arkansas River in Oklahoma and Arkansas.
